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1
METHODS AND APPARATUS FOR
IMPLEMENTING CONNECTIVITY
BETWEEN EDGE DEVICES VIA A SWITCH
FABRIC

BACKGROUND

Some embodiments described herein relate generally to
methods and apparatus for implementing connectivity
between edge devices in an edge device network via a switch
fabric. In particular, but not by way of limitation, some
embodiments described herein relate to methods and appara-
tus forimplementing connectivity between edge devices in an
edge device network operating with a network-address-based
protocol via the switch fabric that maintains administrative,
control plane, data plane and/or addressing separation
between the edge devices and the switch fabric devices.

Some known switch fabrics include edge devices that offer
services and switch fabric devices that offer connectivity
among the edge nodes and to other networks. Such known
switch fabrics typically do not separate between the edge
devices and the switch fabric devices for administration and/
or operation. For example, the edge devices can be subject to
administrative coordination with adjacent switch fabric
devices. Such an approach of administrating and operating
the edge devices and switch fabric devices, however, can
produce a risk of adversely affecting the switch fabric and
cause security vulnerability for the switch fabric. Further-
more, the edge devices and switch fabric devices are often
managed by different groups.

Accordingly, a need exists for methods and apparatus for
implementing connectivity between edge devices in an edge
device network operating with a network-address-based pro-
tocol via the switch fabric that maintains administrative, con-
trol plane, data plane and/or addressing separation between
the edge devices and the switch fabric devices.

SUMMARY

In some embodiments, an apparatus includes a first edge
device that is operatively coupled to a second edge device via
a switch fabric. The first edge device and the second edge
device collectively define an edge device network operating
with a network-address-based protocol. The first edge device
communicates with the second edge device via a multiproto-
col label switching (MPLS) tunnel through the switch fabric.
Furthermore, the first edge device is operatively coupled to
the switch fabric such that a node of the switch fabric can be
modified without coordination of the edge device network.
Additionally, the first edge device is operatively coupled to
the second edge device to define the edge device network such
that an edge device of the edge device network can be modi-
fied without coordination of the switch fabric.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of a switch fabric system
that connects edge devices via a switch fabric, according to an
embodiment.

FIG. 2 is asystem block diagram of an edge device, accord-
ing to an embodiment.

FIG. 3 is a system block diagram of a switch fabric device,
according to an embodiment.

FIG. 4 is a flow chart illustrating a method for communi-
cation between edge devices via a switch fabric, according to
an embodiment.
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2
DETAILED DESCRIPTION

In some embodiments, an apparatus includes a first edge
device that is operatively coupled to a second edge device via
a switch fabric. The first edge device and the second edge
device collectively define an edge device network that oper-
ates with a network-address-based protocol. Such a network-
address-based protocol can be, for example, an interior rout-
ing protocol (IGP), label distribution protocol (LDP), border
gateway protocol (BGP), resource reservation protocol-traf-
fic engineering (RSVP-TE) protocol, and/or the like. In such
embodiments, the first edge device communicates with the
second edge device via a multiprotocol label switching
(MPLS) tunnel through the switch fabric.

Furthermore, the first edge device is operatively coupled to
the switch fabric such that a node of the switch fabric can be
modified without coordination of the edge device network.
Similarly, the first edge device is operatively coupled to the
second edge device to define the edge device network such
that an edge device of the edge device network can be modi-
fied without coordination of the switch fabric.

In some instances, the first edge device can be configured to
send a request according to an auto-discovery protocol to a
first switch fabric device of the switch fabric. Such an auto-
discovery protocol can be, for example, dynamic host con-
figuration protocol (DHCP), address resolution protocol
(ARP), Radius (remote authentication dial-in user service)
protocol, Diameter protocol, trivial file transfer protocol
(TFTP), link layer discovery protocol (LLDP), and/or the
like. The first edge device can be configured to receive a
response according to the auto-discovery protocol and in
response to the request. The response can include a label
associated with the first edge device. Furthermore, the first
switch fabric device can send to a second switch fabric device
of'the switch fabric, according to at least one MPLS protocol,
an advertisement indicating the label. The MPLS protocol
can be, for example, LDP, RSVP-TE, BGP, and/or the like.

After receiving the response, the first edge device can be
configured to send to the second edge device the label such
that the MPLS tunnel is established between the first edge
device and the second edge device based on the label. In some
instances, the first edge device can be configured to send the
label to the second edge device according to BGP. In some
instances, the first edge device and the second edge device can
communicate with the switch fabric via auto-discovery mes-
sages without any other protocol message (e.g., any network-
address-based protocol message).

In some embodiments, an apparatus includes a switch fab-
ric device that is included within a switch fabric operatively
coupled to an edge device network. The edge device network
operates with a network-address-based protocol such that
edge devices of the edge device network can communicate
via, for example, a set of MPLS tunnels through the switch
fabric. In such embodiments, the switch fabric device can be
modified without coordination of the edge device network.
Similarly, edge devices of the edge device network can be
modified without coordination of the switch fabric.

In some embodiments, an apparatus includes a first edge
device operatively coupled to a switch fabric that is coupled to
a second edge device. The first edge device communicates
with the second edge device via an MPLS tunnel through the
switch fabric. In such embodiments, the first edge device is
also operatively coupled to the second edge device to define
an edge device network such that an edge device of the edge
device network can be modified independent of the switch
fabric and a node(s) of the switch fabric can be modified
independent of the edge device network.
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As used in this specification, the term “physical hop” can
include a physical link between two nodes and/or devices. For
example, a data path operatively coupling a first node with a
second node can be said to be a physical hop. Similarly stated,
a physical hop can physically link the first node with the
second node.

Asused in this specification, the term “single physical hop™
can include a direct physical connection between two nodes
and/or devices in a system. Similarly stated, a single physical
hop can include a link via which two nodes are coupled
without intermediate nodes. Accordingly, for example, if a
first node is coupled to a second node via a single physical
hop, the first node can send data units (e.g., data packets, data
cells, etc.) directly to the second node without sending the
data units through intervening nodes.

Asused in this specification, a module can be, for example,
any assembly and/or set of operatively-coupled electrical
components associated with performing a specific function,
and can include, for example, a memory, a processor, electri-
cal traces, optical connectors, software (stored in memory
and/or executing in hardware) and/or the like.

As used in this specification, the singular forms “a,” “an”
and “the” include plural referents unless the context clearly
dictates otherwise. Thus, for example, the term “a tunnel
module” is intended to mean a single module or a combina-
tion of multiple modules collectively configured to perform a
function of tunneling data.

FIG. 1 is a schematic illustration of a switch fabric system
100 that connects edge devices (e.g., edge devices 150, 162,
164, 170, 180) via a switch fabric 105, according to an
embodiment. The switch fabric system 100 includes the
switch fabric 105 and an edge device network 145. The switch
fabric 105 includes one or more switch fabric devices such as
the switch fabric devices 110, 120, 130 and 140. The edge
device network 145 includes one or more edge devices such
as the edge devices 150, 162, 164, 170 and 180. In some
embodiments, although not shown in FIG. 1, the switch fabric
105 can include more or less switch fabric devices than those
shown in FIG. 1; the edge device network 145 can include
more or less edge devices than those shown in FIG. 1.

In some embodiments, the switch fabric system 100 can be
implemented in various locations and environments, and/or
for different functions. For example, the switch fabric system
100 can be implemented at a data center, where the switch
fabric 105 functions as the data center network and the edge
device network 145 includes servers of the data center. For
another example, the switch fabric system 100 can be imple-
mented as an access network, where the switch fabric 105 is
a metropolitan area network (MAN) and the edge device
network 145 includes MPLS-enabled DSLAMs (digital sub-
scriber line access multiplexers), eNodeBs (e-utran node B,
or evolved node B), OLTs (optical line terminations), and/or
the like. For yet another example, the switch fabric system
100 can be implemented as a service network, where the
switch fabric 105 is a wide area network (WAN) and the edge
device network 145 includes provider edge (PE) nodes.

Each edge device from the edge device network 145 is
coupled to at least one switch fabric device from the switch
fabric 105. For example, as shown in FIG. 1, the switch fabric
device 110 is coupled to the edge devices 150 and 164; the
switch fabric device 120is coupled to the edge device 170; the
switch fabric device 130 is coupled to the edge devices 162
and 164; and the switch fabric device 140 is coupled to the
edge device 180. In some embodiments, although not shown
in FI1G. 1, each switch fabric device from the switch fabric 105
can be operatively coupled (e.g., via MPLS tunnels) to each
remaining switch fabric device from the switch fabric 105.
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4

Thus, each edge device from the edge device network 145 can
be operatively coupled to each remaining edge device from
the edge device network 145 via the switch fabric 105.

Each edge device of the edge device network 145 can be
any device configured to be operatively coupled to the switch
fabric 105. Such an edge device can be, for example, a com-
pute node, server, router, access switch, gateway, and/or the
like. In some embodiments, an edge device can be an input
node, an output node, a top-of-rack (TOR) device, and/or the
like. In some embodiments, an edge device can function as
both a source edge device and a destination edge device for
data transmission. In some embodiments, although not shown
in FIG. 1, an edge device of the edge device network 145 can
be coupled to one or more peripheral processing devices or
customer nodes. In such embodiments, the edge device can
operatively couple the peripheral processing device(s) to the
switch fabric 105. The edge device can send data units (e.g.,
a stream of data packets and/or data cells) to and receive data
units from the switch fabric 105, and to and from the coupled
peripheral processing device(s).

The peripheral processing devices (not shown in FIG. 1)
that can be connected to the edge devices of the edge device
network 145 can include, for example, servers, storage
devices, gateways, workstations, and/or the like. The periph-
eral processing devices can be operatively coupled to one or
more ports of the edge devices using any suitable connection
such as, for example, an optical connection (e.g., an optical
cable and optical connectors), an electrical connection (e.g.,
an electrical cable and electrical connectors) and/or the like.
Similarly stated, each port of the edge device can provide a
communication interface through which a peripheral process-
ing device can be operatively coupled to that edge device. As
such, the peripheral processing devices can send data units to
and receive data units from the edge devices. In some
instances, the connection between the peripheral processing
devices and the edge devices can be a direct link. Such a link
can be said to be a single physical hop link. In other instances,
the peripheral processing devices can be operatively coupled
to the edge devices via intermediate nodes. Such a connection
can be said to be a multiple physical hop link.

In some embodiments, the edge devices of the edge device
network 145 can be configured to provide services (e.g., to
customers) such as, for example, VPN (virtual private net-
work), pseudowire, Internet access, and/or the like. The edge
devices can be upgraded, configured, rebooted or shut down
for maintenance when, for example, new customers join the
switch fabric system 100, new services are initiated, new edge
devices are introduced to accommodate new customers, and/
or the like. Additionally, in some embodiments, an edge
device can be referred to as, for example, a label edge, PE
router, provider edge node, etc.

FIG. 2 is a block diagram of an edge device 200, according
to an embodiment. The edge device 200 can be structurally
and functionally similar to the edge devices 150, 162, 164,
170, 180 shown and described with respect to FIG. 1. Par-
ticularly, similar to the edge devices of the edge device net-
work 145 in FIG. 1, the edge device 200 can be any device
configured to be coupled to one or more switch fabric devices
of a switch fabric (e.g., the switch fabric devices 110, 120,
130, 140 of the switch fabric 105 in FIG. 1). Thus, the edge
device 200 can be operatively coupled to one or more other
edge devices via the switch fabric.

As shown in FIG. 2, the edge device 200 includes a com-
munications interface 230, a memory 210, and a processor
220 that includes a tunnel module 225. Although not shown in
FIG. 2, the edge device 200 can include other modules with
various functions. For example, the edge device 200 can
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include a DHCP module configured to obtain an address
(according to DHCP) from the switch fabric device that
operatively couples the edge device 200 to the switch fabric.
For another example, the edge device 200 can include an ARP
module configured to communicate with the switch fabric
device that operatively couples the edge device 200 to the
switch fabric according to ARP.

Each operation(s) of the communications interface 230
(e.g., transmit/receive data), the tunnel module 225 (e.g.,
encapsulate/decapsulate data units), other modules (not
shown in FIG. 2) of the edge device 200, as well as
operation(s) on the memory 210, can be controlled by the
processor 220. The processor 220 can be any suitable proces-
sor configured to run and/or execute the module(s) included
in the processor 220. Each module in the processor 220 can be
any combination of hardware-based module (e.g., a field-
programmable gate array (FPGA), an application specific
integrated circuit (ASIC), a digital signal processor (DSP),
etc.) and/or software-based module (e.g., a module of com-
puter code stored in the memory 210 and/or executed at the
processor 220) capable of performing one or more specific
functions associated with that module.

The tunnel module 225 can be configured to enable the
edge device 200 to transmit data to and receive data from
other edge devices coupled to the switch fabric using a tunnel
though the switch fabric. In some embodiments, as described
in detail below, the tunnel module 225 can be configured to
enable the edge device 200 to communicate with other edge
devices using a MPLS tunnel through the switch fabric. Spe-
cifically, the tunnel module 225 can be configured to encap-
sulate data with a label stack associated with the MPLS tun-
nel. As described in detail below, such a label stack can
include one or more labels such as a label identifying a MPLS
tunnel connecting two switch fabric devices in the switch
fabric, a label identifying a route from a switch fabric device
to an edge device coupled to that switch fabric device, and/or
the like.

The communications interface 230 of the edge device 200
can include, for example, one or more ports (not shown in
FIG. 2) that can be used to implement connection(s) (e.g.,
wired connection, wireless connection) between the edge
device 200 and the switch fabric device(s) that operatively
couple the edge device 200 to the switch fabric. The connec-
tion(s) can be, for example, twisted-pair electrical signaling
via electrical cables, fiber-optic signaling via fiber-optic
cables, and/or the like. As such, the edge device 200 can be
configured to receive data and/or send data through the port(s)
of the communications interface 230, which are connected
with the communications interfaces of the switch fabric
device(s). Furthermore, in some embodiments, the edge
device 200 can implement one type of connection with one of
the switch fabric devices (e.g., the switch fabric device 110 in
FIG. 1) through one port of the communications interface
230, while implementing a different type of connection with
another switch fabric device (e.g., the switch fabric device
130 in FIG. 1) through another port of the communications
interface 230.

In some embodiments, the memory 210 can be, for
example, a random-access memory (RAM) (e.g., a dynamic
RAM, a static RAM), a flash memory, a removable memory,
and/or so forth. The control information associated with inter-
acting with the switch fabric device(s) that operatively couple
the edge device 200 to the switch fabric and establishing
MPLS tunnels with other edge devices through the switch
fabric can be stored in the memory 210. For example, as
discussed below, an address assigned to the edge device 200
and/or a label identifying a route from a switch fabric device
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(i.e., the switch fabric device that couples the edge device 200
to the switch fabric) to the edge device can be stored in the
memory 210. For another example, labels identifying routes
to other edge devices, and/or labels identifying MPLS tunnels
within the switch fabric can also be stored in the memory 210.

Returning to FIG. 1, each switch fabric device (e.g., the
switch fabric device 110, 120, 130, 140) of the switch fabric
105 can be any device configured to be operatively coupled to
other switch fabric device(s) and/or edge device(s) (e.g., the
edge devices 150, 162, 164, 170, 180) such that the switch
fabric 105 can operatively couple the edge devices with each
other and enable data transmission among the edge devices.
Thus, the switch fabric devices of the switch fabric 105 can be
configured to offer connectivity among the edge devices and
to other networks (not shown in FIG. 1). Such a switch fabric
device can be, for example, a routing device (e.g., a [2/L.3
router), switching device (e.g., a L2/L.3 switch), gateway,
workstation, server, compute node, and/or the like. In some
embodiments, a switch fabric device can be referred to as, for
example, a core node, label switch, provider node, provider
router, fabric node, etc.

In some embodiments, the switch fabric devices of the
switch fabric 105 do not offer services other than providing
connectivity to the edge devices. In such embodiments, main-
tenance of a switch fabric device is performed when a hard-
ware or software failure occurs at the switch fabric device, a
new line card is to be installed at the switch fabric device,
and/or the like. As discussed in detail below, because of the
separated administration and operation between the edge
device network 145 and the switch fabric 105, the switch
fabric devices are not disturbed when an edge device is modi-
fied.

FIG. 3 is a system block diagram of a switch fabric device
300, according to an embodiment. The switch fabric device
300 can be structurally and functionally similar to the switch
fabric devices 110, 120, 130, 140 shown and described with
respect to FIG. 1. Particularly, similar to the switch fabric
devices of the switch fabric 105 in FIG. 1, the switch fabric
device 300 can be included within a switch fabric (e.g., the
switch fabric 105 in FIG. 1), and configured to operatively
couple one or more edge devices (e.g., the edge devices 150,
162, 164, 170, 180 in FIG. 1) to that switch fabric.

As shown in FIG. 3, the switch fabric device 200 includes
a communications interface 360, a memory 320 that includes
arouting table 325, and a processor 340 that includes a tunnel
module 345. Although not shown in FIG. 3, the switch fabric
device 300 can include other modules with various functions.
For example, the switch fabric device 300 can include a
DHCP module configured to handle DHCP requests received
from the edge device(s) coupled to the switch fabric device
300. For another example, the switch fabric device 300 can
include an ARP module configured to communicate with the
edge device(s) that are coupled to the switch fabric device 300
according to ARP.

Each operation(s) of the communications interface 360
(e.g., transmit/receive data), the tunnel module 345 (e.g.,
transmitted tunneled data), other modules (not shown in FI1G.
3) of the switch fabric device 300, as well as operation(s) on
the memory 320 (e.g., manipulation on the routing table 325),
can be controlled by the processor 340. The processor 340 can
be any suitable processor configured to run and/or execute the
module(s) included in the processor 340. Each module in the
processor 340 can be a hardware-based module (e.g., a CPU,
a general purpose processor, a FPGA, an ASIC, a DSP, etc.),
a software-based module (e.g., a module of computer code
stored in the memory 320 and/or executed at the processor
340), and/or a combination of hardware and software-based
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modules that is capable of performing one or more specific
functions associated with that module.

The tunnel module 345 can be configured to enable the
switch fabric device 300 to transmit tunneled data to and
receive tunneled data from other switch fabric devices or edge
device(s) coupled to the switch fabric device 300. Particu-
larly, as described in detail below, the tunnel module 345 can
be configured to enable transmission of tunneled data using
MPLS tunnels that connect the switch fabric device 300 with
other switch fabric devices of the switch fabric. Thus, edge
device(s) coupled to the switch fabric device 300 can com-
municate with other edge devices coupled to the switch fabric
using the MPLS tunnels through the switch fabric device 300.
The tunnel module 345 can also be configured to decapsulate
data to retrieve label(s) included in the data, and determine a
route to transmit the decapsulate data based on the retrieved
label(s). In some embodiments, the tunnel module 345 can be
configured to determine a route (e.g., a MPLS tunnel) for
tunneled data based on routing information stored in the
routing table 325.

The communications interface 360 of the switch fabric
device 300 can include, for example, at least two ports (not
shown in FIG. 3) that can be used to implement connections
between the switch fabric device 300 and the edge device(s),
and between the switch fabric device 300 and other switch
fabric device(s) of the switch fabric. The connections can be,
for example, twisted-pair electrical signaling via electrical
cables, fiber-optic signaling via fiber-optic cables, and/or the
like. As such, the switch fabric device 300 can be configured
to receive data and/or send data through the ports of the
communications interface 360, which are connected with the
communications interfaces of the edge device(s) and the other
switch fabric device(s). Furthermore, in some embodiments,
the switch fabric device 300 can implement one type of con-
nection with one of the edge device(s) and other switch fabric
device(s) through one port of the communications interface
360, while implementing a different type of connection with
another edge device or switch fabric device through another
port of the communications interface 360. For example, the
switch fabric device 300 can implement a twisted-pair elec-
trical signaling connection (e.g., via an electrical cable) with
an edge device and implement a fiber-optic signaling connec-
tion (e.g., via a fiber-optic cable) with another switch fabric
device.

In some embodiments, the memory 320 can be, for
example, a RAM (e.g., a dynamic RAM, a static RAM), a
flash memory, a removable memory, and/or so forth. The
control information associated with interacting with the edge
device(s) that are coupled to the switch fabric device 300 can
be stored in the memory 320. In some embodiments, routing
information associated with tunneling data with other switch
fabric device(s) can be stored in the routing table 325. In some
embodiments, for example, the routing table can be config-
ured to store a label forwarding information base (LFIB) that
includes routing information associated with labels for the
MPLS tunnels and/or the edge devices of the edge device
network.

For example, a LFIB in the routing table 325 can store an
entry including a label identifying a MPLS tunnel connecting
the switch fabric device 300 with another switch fabric
device, and an identifier of a port of the switch fabric device
300 (included in the communications interface 360) associ-
ated with the MPLS tunnel. Thus, in response to receiving
data unit(s) including the label identifying the MPLS tunnel,
the tunnel module 345 can determine the port based on the
label and the entry stored in the LFIB in the routing table 325.
The tunnel module 345 can then send the data unit(s) via the
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8
port, such that the data unit(s) is sent to the other switch fabric
device through the MPLS tunnel.

For another example, a LFIB in the routing table 325 can
store an entry including a label identifying an edge device
coupled to the switch fabric device 300, and an identifier of a
port of the switch fabric device 300 (included in the commu-
nications interface 360) associated with the edge device.
Thus, in response to receiving data unit(s) including the label
identifying the edge device, the tunnel module 345 can deter-
mine the port based on the label and the entry stored in the
LFIB in the routing table 325. The tunnel module 345 can
then send the data unit(s) via the port, such that the data unit(s)
is sent to the edge device.

Returning to FIG. 1, in some embodiments, the edge device
network 145 and the switch fabric 105 can be separately
administrated, controlled and/or operated. That is, the switch
fabric system 100 can implement separated administration,
control and/or operation for the edge devices (e.g., the edge
devices 150, 162, 164, 170, 180) of the edge device network
145 and for the switch fabric devices (e.g., the switch fabric
devices, 110, 120, 130, 140) of the switch fabric. In such
embodiments, the separation between the edge devices and
the switch fabric devices can be implemented in one or more
aspects including, for example, administrative separation,
control plane separation, data plane separation, address sepa-
ration, and/or the like.

In some embodiments, administrative separation can be
implemented between the edge devices of the edge device
network 145 and the switch fabric devices of the switch fabric
105. Specifically, the edge devices and the switch fabric
devices can be administrated by two (independent) groups of
administrators separately. For example, the edge device net-
work 145 can be administrated by a group of one or more edge
administrators, and the switch fabric 105 can be adminis-
trated by another group of one or more fabric administrators.
Each edge administrator or fabric administrator can be, for
example, a person, a machine (automatically executed or
manually operated by a person), or a combination of
person(s) and machine(s) that performs the administrating
function for the edge device(s) or the switch fabric device(s).

As a result of the administrative separation, no coordina-
tion is required from one side of the edge device network 145
orthe switch fabric 105 when the other side ofthe edge device
network 145 or the switch fabric 105 is being administrated
(e.g., modified, configured). For example, the fabric admin-
istrator(s) can administrate (e.g., reboot, upgrade, modify
configuration, change MPLS protocol setting, etc.) a switch
fabric device (e.g., the switch fabric device 110, 120, 130 or
140) of the switch fabric 105 without coordination from the
edge administrator(s) and without disruption, modification or
reconfiguration to any edge device of the edge device network
145. For another example, similarly, the edge admin-
istrator(s) can administrate (e.g., reboot, upgrade, modify
configuration, etc.) an edge device (e.g., the edge device 150,
162,164,170 or 180) of the edge device network 145 without
coordination from the fabric administrator(s) and without
disruption, modification or reconfiguration to any switch fab-
ric device of the switch fabric 105.

Furthermore, as a result of administrative separation and/or
other separation mechanisms, plug-and-play connectivity
can be implemented for the edge device network 145 and the
switch fabric 105. That is, the edge administrator(s) can add,
remove or move edge devices without coordination with the
fabric administrator(s) and without disruption, modification
or reconfiguration to the edge devices. Similarly, the fabric
administrator(s) can add, remove or move edge devices with-
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out coordination with the fabric administrator(s) and without
disruption, modification or reconfiguration to the switch fab-
ric devices.

In some embodiments, routing protocol separation can be
implemented between the edge devices of the edge device
network 145 and the switch fabric devices of the switch fabric
105. Specifically, the routing protocol implemented within
the switch fabric 105 can be performed (e.g., exchange of
signals, messages, etc.) without coordination of the edge
device network. Furthermore, the protocol (e.g., DHCP,
ARP) implemented between the edge devices and the switch
fabric devices can be performed (e.g., exchange of signals,
messages, etc.) without coordination between the edge
administrator(s) and the fabric administrator(s). As a result,
the protocols implemented in the switch fabric system 100
can be performed and managed without administrative coor-
dination between the fabric administrator(s) and the edge
administrator(s).

In some embodiments, as shown in FIG. 1, multiple edge
devices (e.g., the edge devices 162, 164) can be coupled to
one switch fabric device (e.g., the switch fabric device 130).
In some embodiments, as shown in FI1G. 1, an effective multi-
homing mechanism can be implemented for the edge devices
of the edge device network 145. Specifically, an edge device
can be coupled and multi-homed to more than one switch
fabric device. In such embodiments, the multiple links
between the edge device and the associated switch fabric
devices can be used for load balancing traffic transmitted
between the edge device and the switch fabric 105. As aresult,
the traffic within the switch fabric 105 can be load balanced as
well. Furthermore, the multiple links between the edge device
and the associated switch fabric devices can be used to
improve resilience for the connection between the edge
device and the switch fabric 105. As a result, fast restoration
can be achieved for data transmission between the edge
device and the switch fabric 105. Specifically, the failover
time upon detection of a failure (e.g., a failure at a link
connecting the edge device and an associated switch fabric
device, a failure at an associated switch fabric device coupled
to the edge device) can be reduced by directing data traffic to
the remaining link(s) that connect the edge device and the
switch fabric 105.

For example, as shown in FIG. 1, the edge device 164 can
be coupled, via two separate links respectively, to the switch
fabric devices 110 and 130. As aresult, data traffic transmitted
between the edge device 164 and the switch fabric devices
110, 130 can be load balanced between the two links. Fur-
thermore, data traffic within the switch fabric 105 that is
transmitted to or from the switch fabric devices 110, 130 can
be load balanced based on the load on the two links. Addi-
tionally, the two links can be used to improve resilience and
provide fast restoration for the edge device 164.

In some embodiments, connectivity isolation can be imple-
mented between the edge devices of the edge device network
145 and the switch fabric devices of the switch fabric 105.
Specifically, each edge device from the edge device network
145 does not communicate directly with each remaining edge
device from the edge device network 145. Instead, the edge
devices of the edge device network 145 communicate with
each other through the switch fabric 105. That is, each edge
device from the edge device network 145 can send data unit(s)
(e.g., data-plane data unit(s), control-plane data unit(s)) to
each remaining edge device from the edge device network
145 via one or more switch fabric devices of the switch fabric
105, but not directly from one edge device to another edge
device. Furthermore, the data unit(s) (e.g., data-plane data
unit(s), control-plane data unit(s)) that can be transmitted
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between the edge devices and the switch fabric devices is
restricted. For example, data unit(s) can be transmitted
between the edge devices and the switch fabric devices
according to a set of given protocols. In other words, data
unit(s) is not transmitted between the edge devices and the
switch fabric devices according to any protocol not included
in the set of given protocols. In some instances, for example,
the switch fabric 105 can provide MPLS connectivity (e.g.,
via MPLS tunnels) to the edge devices of the edge device
network 145 without providing Internet protocol (IP) connec-
tivity to those edge devices. Thus, data unit(s) can be trans-
mitted between the edge devices and the switch fabric devices
according to an MPLS protocol, but not according to an IP
routing protocol. As a result of connectivity isolation, a com-
promised edge device is not enabled to attack the switch
fabric 105. Similarly, a compromised switch fabric device is
not enabled to attack the edge device network 145.

In some embodiments, address separation (or address inde-
pendence) can be implemented between the edge devices of
the edge device network 145 and the switch fabric devices of
the switch fabric 105. Specifically, the edge device network
145 and the switch fabric 105 can use two independent
address domains, respectively. In some instances, the two
address domains can have overlapping address(es) but with-
out conflict of the overlapping address(es). In some instances,
the two address domains can be completely different (i.e.,
sharing no overlapping address).

In some embodiments, an edge device of the edge device
network 145 can be configured to obtain an address, accord-
ing to an auto-discovery protocol (e.g., DHCP, ARP), from a
switch fabric device coupled to that edge device. In such
embodiments, for example, an edge administrator respon-
sible for administrating the edge device network 145 can
select an address space (e.g., an address domain) for the edge
device network 145 and then notify a fabric administrator
responsible for administrating the switch fabric 105 of the
selected address space. Furthermore, the edge administrator
can also update any change on the address space for the edge
device network 145 to the fabric administrator. As a result, the
fabric administrator can assign an address space, which is not
overlapping with the address space for the edge device net-
work 145, to the switch fabric devices of the switch fabric
105. Thus, the addresses assigned to the edge devices can be
different from the addresses assigned to the switch fabric
devices.

For example, the edge device 162 can send a request for
address (e.g., a DHCP request, an ARP request) to the switch
fabric device 130. In response to the request, an address is
selected from an address space for the edge device network
145 at the switch fabric device 130 and then sent from the
switch fabric device 130 to the edge device 162. In some
instances, the address assigned to the edge device 162 can be
also included in an address space for the switch fabric 105.
Thus, that address will not be assigned to any switch fabric
device of the switch fabric 105; as a result no switch fabric
device shares the identical address with the edge device 162.

In some embodiments, the switch fabric devices (e.g., the
switch fabric devices 110, 120, 130, 140) of the switch fabric
105 can be collectively configured to enable data transmis-
sion between the edge devices (e.g., the edge devices 150,
162, 164, 170, 180) of the edge device network 145. The
switch fabric 105 can be configured to implement a mesh of
label-switched paths (LSPs) such that the switch fabric
devices of the switch fabric 105 can transmit data with each
other using the mesh of LSPs. The mesh of L.SPs can be
implemented using MPLS tunnels that connect the switch
fabric devices, thus to form a mesh of MPLS tunnels. In some



US 9,419,892 B2

11

embodiments, routing protocols such as, for example, IGP,
LDP, RSVP-TE, etc., can be used to generate the mesh of
MPLS tunnels. Specifically, the mesh of MPLS tunnels can
be established by executing, for example, LGP with LDP,
RSVP-TE, and/or other routing protocol within the switch
fabric 105.

In some embodiments, the mesh of MPLS tunnels is imple-
mented within the switch fabric 105 and not extended to the
edge devices of the edge device network 145. That is, the
routing protocol(s) implemented within the switch fabric 105
are not implemented at the connections between the switch
fabric devices and the edge devices. Instead, an auto-discov-
ery protocol (e.g., DHCP, ARP, LL.DP) can be used to enable
communication between the switch fabric devices and the
edge devices. Details of enabling data transmission between
edge devices using MPLS tunnels are further described
below.

As discussed above, the switch fabric 105 and the edge
device network 145 each can have an independent address
space. In such instances, each switch fabric device of the
switch fabric 105 can be allocated a block of addresses (e.g.,
IP addresses) from the address space for the edge device
network 145. Thus, a switch fabric device can assign an
address from the block of addresses allocated to that switch
fabric device to an edge device in response to receiving a
request (e.g., a DHCP request, an ARP request) from that
edge device. Furthermore, in some embodiments, the switch
fabric devices of the switch fabric 105 can maintain IP con-
nectivity among themselves without offering IP connectivity
to the edge devices of the edge device network 145.

A method ofinitializing data transmission between an edge
device (e.g., the edge device 162) and other edge devices
(e.g., the edge devices 164, 170, 180) using MPLS tunnels
through the switch fabric 105 can be considered in reference
to FIG. 1. Initially, the edge device 162 can send a request
(shown as signal 192 in FIG. 1) to the switch fabric device 130
according to an auto-discovery protocol (e.g., DHCP, ARP,
LLDP). In some embodiments, the edge device 162 can be
configured to send such a request in response to, for example,
the edge device 162 being booted up, turned on, coupled to
the switch fabric device 130, and/or the like.

In some embodiments, the request can be a request for an
address and/or a label assigned to the edge device 162. For
example, the request can be a DHCP request for an IP address
assigned to the edge device 162 and/or a label for other edge
devices to send data to the edge device 162. In response to the
request, the switch fabric device 130 can send a response
(shown as signal 194 in FIG. 1) to the edge device 162. The
response can include an address (e.g., IP address) assigned to
the edge device 162. For example, the switch fabric device
130 can assign an [P address 10.1.3.1 to the edge device 162.
As discussed above, the address assigned to the edge device
162 can be selected from an address space for the edge device
network 145 that is independent of an address space for the
switch fabric 105. In some embodiments, the address space
for the edge device 145 can overlap with the address space for
the switch fabric 105. As a result, the address assigned to the
edge device 162 can correspond to an address included in (but
not yet assigned from) the address space for the switch fabric
105. In such embodiments, the address assigned to the edge
device 162 can be selected such that that address is not
assigned to any switch fabric device of the switch fabric 105.

In some embodiments, in response to the request, the
switch fabric device 130 can define a label for the edge device
162 such that the label can be used to route data to the edge
device 162. For example, the switch fabric device 130 can
define a label [EL162—162 via 130], which indicates that the
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edge device 162 can be reached via the switch fabric device
130. In some embodiments, the address assigned to the edge
device 162 can be included in the label defined for the edge
device 162. In such embodiments, the label can be, for
example, [EL.162—10.1.3.1 via 130]. The switch fabric
device 130 can then be configured to store the label for the
edge device 162 in, for example, a routing table in the switch
fabric device 130 (e.g., the routing table 325 in the switch
fabric device 300 in FIG. 3). In some embodiments, the label
for the edge device 162 can be added to, for example, a LFIB
in the routing table. The label in the LFIB can be associated
with and used to identify a port of the switch fabric device 130
that connects the switch fabric device 130 to the edge device
162.

In some embodiments, the switch fabric device 130 can be
configured to send the label (together with the assigned
address) to the edge device 162 (e.g., via the signal 194). In
some embodiments, upon assigning the address and defining
the label for the edge device 162, the switch fabric device 130
can be configured to announce the address and the label to
other edge devices (e.g., the edge devices 150, 164,170, 180)
of'the edge device network 145 that are coupled to the switch
fabric 105, and/or to other switch fabric devices of the switch
fabric 105. Specifically, the switch fabric device 130 can be
configured to send an advertisement (e.g., message) including
routing information for the edge device 162 (e.g., the address
of'the edge device 162, the label of the edge device 162, and
an identifier of the switch fabric device 130 as the “next-hop”
to reach the edge device 162) to the other edge devices via the
switch fabric devices of the switch fabric 105. For example,
the advertisement can include routing information such as
10.1.3.1, EL162, next-hop: 130. As a result, information asso-
ciated with routing to the edge device 162 (including the
address, label, and next-hop of the edge device 162) is made
available at the other switch fabric devices of the switch fabric
105 and/or the other edge devices of the edge device network
145.

In some embodiments, as an alternative to the switch fabric
device 130 sending the routing information ofthe edge device
162 to other edge devices, the edge device 162 can be con-
figured to send its routing information to other edge devices
of the edge device network 145. In such embodiments, the
edge device 162 can send the routing information (e.g.,
including the address of the edge device 162, the label of the
edge device 162, and an identifier of the switch fabric device
130 as the “next-hop” to reach the edge device 162) to the
other edge devices according to a network-address-based pro-
tocol such as, for example, BGP. In some embodiments, the
BGP messages can be sent within a control plane (not shown)
of the edge device network 145 that is separate from the
control plane of the switch fabric 105 (i.e., not via the switch
fabric 105). In such embodiments, for example, the edge
device 162 can send a BGP message including the routing
information to the edge device 180 without going through the
switch fabric 105 (shown as signal 199 in FIG. 1). In other
embodiments, the BGP messages can be sent through the
control plane of the switch fabric 105 (i.e., via the switch
fabric 105). In such embodiments, for example, the edge
device 162 can send a BGP message including the routing
information to the edge device 180 via the switch fabric
devices 130, 140 (not shown in FIG. 1).

As an example illustrated in FIG. 1, when the edge device
180 attempts to communicate with the edge device 162, the
edge device 180 can first determine the switch fabric device
130 as the next-hop to reach the edge device 162 based on
received routing information of the edge device 162. The
edge device 180 can then send a request (shown as signal 193
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in FIG. 1) to the switch fabric device 140. The request can be,
for example, an ARP request to resolve a route to the switch
fabric device 130. In response to the ARP request, the switch
fabric device 140 can check to determine if MPLS connec-
tivity (e.g., a MPLS tunnel) exists between the switch fabric
device 140 and the switch fabric device 130. After determin-
ing that a MPLS tunnel (e.g., MPLS tunnel 190 in FIG. 1)
exists between the switch fabric device 140 and the switch
fabric device 130, the switch fabric device 140 can define a
label for that MPLS tunnel. For example, the switch fabric
device 140 can define a label [F1.140-130: 140 to 130] for the
MPLS tunnel 190. The switch fabric device 140 can then add
the label to, for example, a LFIB in a routing table of the
switch fabric device 140. The label in the LFIB can be asso-
ciated with and used to identify a port of the switch fabric
device 140 that connects the switch fabric device 140 to the
switch fabric device 130 via the MPLS tunnel 190.

After defining the label for the MPLS tunnel 190, the
switch fabric device 140 can send the label to the edge device
180 (shown as signal 195 in FIG. 1). In some embodiments,
the switch fabric device 140 can send to the edge device 180,
for example, an entropy label of the switch fabric device 130
and/or entropy label(s) of other switch fabric device(s). Such
an entropy label can include, for example, load balancing
information associated with the MPLS tunnel 190 (e.g., with
respect to load balancing information of other MPLS
tunnel(s) within the switch fabric 105). In some embodi-
ments, the switch fabric device 140 can send to the edge
device 180 other metric value(s) associated with the switch
fabric device 130, the switch fabric device 140, and/or other
switch fabric device(s). Thus, the edge device 180 can decide
whether to communicate with the edge device 162 via the
switch fabric devices 140 and 130 or any other alternative
route (not shown in FIG. 1) through the switch fabric 105
based on the entropy label(s) and/or other metric value(s)
associated with the switch fabric device 130, the switch fabric
device 140, and/or other switch fabric device(s).

After receiving the label for the MPLS tunnel 190 and/or
additional information, the edge device 180 can use a label
stack <F1.140-130, EL.162> to establish a MPLS connection
with the edge device 162. For example, the edge device 180
can send a data unit (e.g., a data packet, a data cell, a data
frame) to the edge device 162 through the switch fabric device
140, the MPLS tunnel 190, and the switch fabric device 130.
Specifically, a tunnel module of the edge device 180 (e.g., the
tunnel module 225 of the edge device 200 in FIG. 2) can
encapsulate the data unit with the label stack <F1.140-130,
EL162>. First, the label EL162 can be used at the tunnel
module of the edge device 180 to encapsulate the data unit to
define a first encapsulation of the data unit. Next, the label
FL.140-130 can be used at the tunnel module of the edge
device 180 to encapsulate the first encapsulation of the data
unit to define a second encapsulation of the data unit. The
edge device 180 can then send the second encapsulation of the
data unit, as the encapsulated data, to the switch fabric device
140.

Upon receiving the data unit encapsulated with the label
stack <F1.140-130> (i.e., the second encapsulation of the data
unit), a tunnel module of the switch fabric device 140 (e.g.,
the tunnel module 345 of the switch fabric device 300 in FIG.
3) can decapsulate the label F1.140-130 from the second
encapsulation of the data unit to retrieve the first encapsula-
tion of the data unit. Based on the label F1.140-130, the switch
fabric device 140 can determine to send the decapsulated data
(i.e., the first encapsulation of the data unit) to the switch
fabric device 130 via the MPLS tunnel 190. For example, the
switch fabric device 140 can determine a port to send the first
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encapsulation of the data unit based on that an identifier of the
port is associated with the label F1.140-130 in the routing
table of the switch fabric device 140.

Upon receiving the data unit encapsulated with the label
EL162 (i.e., the first encapsulation of the data unit), a tunnel
module of the switch fabric device 130 (e.g., the tunnel mod-
ule 345 of the switch fabric device 300 in FIG. 3) can decap-
sulate the label E1.162 from the first encapsulation of the data
unit to retrieve the original data unit. Based on the label
EL162, the switch fabric device 130 can determine to send the
data unit to the edge device 162. For example, the switch
fabric device 130 can determine a port to send the data unit
based on that an identifier of the port is associated with the
label EL162 in the routing table of the switch fabric device
130. Thus, the edge device 180 can send the data unit to the
edge device 162 via an MPLS tunnel through the switch
fabric 105.

As another example illustrated in FIG. 1, when the edge
device 164 attempts to communicate with the edge device
162, the edge device 164 can first determine the switch fabric
device 130 as the next-hop to reach the edge device 162 based
on received routing information of the edge device 162. In
some embodiments, similar to the edge device 180 described
above, the edge device 164 can send an ARP request (shown
as signal 196 in FIG. 1) to the switch fabric device 130, to
resolve a route to the switch fabric device 130. In response to
the ARP request, the switch fabric device 130 can return a
response (shown as signal 198 in FIG. 1) including, for
example, a null label to the edge device 164. Such a null label
indicates that an MPLS tunnel between switch fabric devices
is not used to reach the switch fabric device 130 from the
switch fabric device 130. The edge device 164 can then
encapsulate a data unit (e.g., a data packet, a data cell, a data
frame) intended for the edge device 162 using a label stack
<null label, EL.162> in a method similar to that of the edge
device 180 described above. The edge device 164 can then
send the encapsulated data unit to the edge device 162 via the
switch fabric device 130 in a method similar to that of the
edge device 180 described above. In some other embodi-
ments, the step of sending an ARP request to resolve a route
to the switch fabric device 130 can be avoided or skipped if
the edge device 164 determines that it is directly coupled to
the switch fabric device 130 (as the next-hop to reach the edge
device 162). In such embodiments, the edge device 164 can
encapsulate data intended for the edge device 162 using the
label ELL162, and then send the encapsulated data to the
switch fabric device 130. Upon receiving the encapsulated
data (e.g., encapsulated using the label stack <null label,
EL162> or the label EL.162) from the edge device 164, the
tunnel module of the switch fabric device 130 can decapsulate
the encapsulated data to retrieve the original data intended for
the edge device 162, and then send the data to the edge device
162.

FIG. 4 is a flow chart illustrating a method 400 for com-
munication between edge devices via a switch fabric, accord-
ing to an embodiment. The method 400 can be executed at a
first edge device that is structurally and functionally similarto
the edge devices (e.g., the edge devices 150, 162, 164, 170,
180, 200) shown and described with respect to FIGS. 1 and 2.
Particularly, the first edge device can be coupled to a switch
fabric device of a switch fabric (e.g., the switch fabric device
110, 120, 130 or 140 of the switch fabric 105 in FIG. 1, the
switch fabric 300 in FIG. 3). The switch fabric device is
operatively coupled to a second edge device (e.g., via other
switch fabric device(s) of the switch fabric).

In some embodiments, similar to the edge device 200
shown and described with respect to FIG. 2, the first edge
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device can include a processor (e.g., the processor 220) and a
memory (e.g., the memory 210). The memory can be, for
example, a non-transitory processor-readable medium. The
code representing instructions to perform the method 400 can
be stored in the non-transitory processor-readable medium
included in the first edge device, and executed by the proces-
sor of the first edge device. The code includes code to be
executed by the processor to cause the first edge device to
operate the functions illustrated in FIG. 4 and described as
follows.

At 402, the first edge device can send, at a first time, a
request according to an auto-discovery protocol to the switch
fabric device of the switch fabric. As discussed above, the
auto-discovery protocol can be, for example, DHCP. The
request (e.g., DHCP request) can be a request for an address
to be assigned to the first edge device, and/or a label to be
defined for the first edge device (e.g., the label EL162 in the
example described above with respect to FIG. 1). The label
can be used by other edge devices and/or switch fabric
devices to route data to the first edge device.

At 404, the first edge device can receive, at a second time
after the first time and in response to the request, a response
from the switch fabric device according to the auto-discovery
protocol. For example, the first edge device can receive a
DHCP response from the switch fabric device, which
includes an IP address assigned to the first edge device. In
some embodiments, the response can include the label
defined for the first edge device. In some embodiments, the
response can include other routing information associated
with routing data to the first edge device.

At 406, the first edge device can send to the second edge
device a message or signal including the label, which is
included in the response, such that an MPLS tunnel is estab-
lished with the second edge device based on the label. As
discussed above, the first edge device can send the label to the
second edge device using, for example, a BGP message.
Alternatively, the switch fabric device can send advertise-
ments (e.g., in message(s) or signal(s)) including the label to
other switch fabric devices of the switch fabric, which can
then in turn send the label to the other edge devices including
the second edge device.

After receiving the label, the second edge device can ini-
tiate establishing an MPLS tunnel to reach the first edge
device, as described in detail above. Specifically, the second
edge device can determine the next-hop switch fabric device
(the switch fabric device in this example) for the first edge
device based on the label. The second edge device can then
send an ARP request to an associated switch fabric device
(i.e., the switch fabric device that operatively couples the
second edge device to the switch fabric), to resolve a route to
the next-hop switch fabric device. In response to the ARP
request, the second edge device can receive a label identifying
a MPLS tunnel (e.g., the label F1.140-130 in the example
described above with respect to FIG. 1) connecting the switch
fabric device associated with the second edge device and the
switch fabric device associated with the first edge device
(e.g., the MPLS tunnel 190 connecting the switch fabric
device 140 and the switch fabric device 130 in FIG. 1).

At 408, the second edge device can send a data unit using
the label stack that includes the label for the first edge device
and the label for the MPLS tunnel. Based on the label stack,
the data can unit be transmitted to the first edge device
through the switch fabric device associated with the second
edge device, the MPLS tunnel, and the switch fabric device
associated with the first edge device, in that order. Specifi-
cally, the label for the MPLS tunnel (e.g., F1.140-130) can be
used, at the switch fabric device associated with the second
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edge device, to route the data unit from the switch fabric
device associated with the second edge device to the switch
fabric device associated with the first edge device. The label
for the first edge device (e.g., EL.162) can be used, at the
switch fabric device associated with the first edge device, to
route the data unit from the switch fabric device associated
with the first edge device to the first edge. As a result of the
second edge device sending the data unit to the first edge
device using the MPLS tunnel, the first edge device can
receive the data unit from the second edge device through the
MPLS tunnel at a third time after the second time.

While shown and described herein with respect to FIG. 1
that the edge devices of an edge device network interact with
switch fabric devices of a switch fabric to obtain routing
information (e.g., labels identifying MPLS tunnels and other
edge devices) associated with communicating with other
edge devices, in other embodiments, one or more route reflec-
tors can provide routing information to the edge devices of the
edge device network. Such a route reflector can be imple-
mented at an edge device, a switch fabric device, or a device
separate from the edge device network and the switch fabric.
For example, a route reflector can be configured to receive,
from an edge device, BGP messages including updated rout-
ing information of that edge device. The route reflector can be
configured to forward the BGP messages to other edge
devices. Thus, each edge device of the edge device network
maintains a BGP connection with the route reflector, and does
not maintain any connection with other edge devices. For
another example, a route reflector can function as a DHCP
server and/or an ARP server for the edge device network.
Thus, each switch fabric device can forward the DHCP
requests and/or ARP requests received from their associated
edge devices to the route reflector (e.g., via other switch fabric
devices of the switch fabric), and receive DHCP responses
and/or ARP responses from the route reflector. For yet
another example, a route reflector can function as a central-
ized controller that stores routing information associated with
the switch fabric and provides the routing information to the
switch fabric devices of the switch fabric. Thus, each switch
fabric device communicates with the route reflector to obtain
labels for the MPLS tunnels and/or the edge devices. The
switch fabric devices can then use the labels received from the
route reflector to route data through the switch fabric.

Some embodiments described herein relate to a computer
storage product with a non-transitory computer-readable
medium (also can be referred to as a non-transitory processor-
readable medium) having instructions or computer code
thereon for performing various computer-implemented
operations. The computer-readable medium (or processor-
readable medium) is non-transitory in the sense that it does
not include transitory propagating signals per se (e.g., a
propagating electromagnetic wave carrying information on a
transmission medium such as space or a cable). The media
and computer code (also can be referred to as code) may be
those designed and constructed for the specific purpose or
purposes. Examples of non-transitory computer-readable
media include, but are not limited to: magnetic storage media
such as hard disks, floppy disks, and magnetic tape; optical
storage media such as Compact Disc/Digital Video Discs
(CD/DVDs), Compact Disc-Read Only Memories (CD-
ROMs), and holographic devices; magneto-optical storage
media such as optical disks; carrier wave signal processing
modules; and hardware devices that are specially configured
to store and execute program code, such as Application-Spe-
cific Integrated Circuits (ASICs), Programmable Logic
Devices (PLDs), Read-Only Memory (ROM) and Random-
Access Memory (RAM) devices. Other embodiments
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described herein relate to a computer program product, which
can include, for example, the instructions and/or computer
code discussed herein.

Examples of computer code include, but are not limited to,
micro-code or micro-instructions, machine instructions, such
as produced by a compiler, code used to produce a web
service, and files containing higher-level instructions that are
executed by a computer using an interpreter. For example,
embodiments may be implemented using imperative pro-
gramming languages (e.g., C, Fortran, etc.), functional pro-
gramming languages (Haskell, Erlang, etc.), logical program-
ming languages (e.g., Prolog), object-oriented programming
languages (e.g., Java, C++, etc.) or other suitable program-
ming languages and/or development tools. Additional
examples of computer code include, but are not limited to,
control signals, encrypted code, and compressed code.

While various embodiments have been described above, it
should be understood that they have been presented by way of
example only, and not limitation. Where methods described
above indicate certain events occurring in certain order, the
ordering of certain events may be modified. Additionally,
certain of the events may be performed concurrently in a
parallel process when possible, as well as performed sequen-
tially as described above.

What is claimed is:

1. An apparatus, comprising:

a first edge device configured to be operatively coupled to
a second edge device via a switch fabric such that the
first edge device communicates with the second edge
device via a multiprotocol label switching (MPLS) tun-
nel through the switch fabric, the edge device network
being administrated by an edge administrator, the switch
fabric being administrated by a switch fabric adminis-
trator,

the first edge device configured to be operatively coupled to
the switch fabric such that anode of the switch fabric can
be administrated by the switch fabric administrator
without administrative coordination between the switch
fabric administrator and the edge administrator,

the first edge device configured to be operatively coupled to
the second edge device to define the edge device net-
work such that an edge device of the edge device net-
work can be administrated by the edge administrator
without administrative coordination between the switch
fabric administrator and the edge administrator,

the first edge device configured to receive a response
according to an auto-discovery protocol from a switch
fabric device of the switch fabric, the first edge device
configured to send to the second edge device a label
included in the response such that the MPLS tunnel is
established between the first edge device and the second
edge device based on the label.

2. The apparatus of claim 1, wherein:

the auto-discovery protocol is at least one of dynamic host
configuration protocol (DHCP), link layer discovery
protocol (LLDP) or address resolution protocol (ARP).

3. The apparatus of claim 1, wherein:

the first edge device is configured to send to the second
edge device the label included in the response according
to border gateway protocol (BGP).

4. The apparatus of claim 1, wherein:

the first edge device is configured to be operatively coupled
to the switch fabric such that the first edge device and the
second edge device communicate with the switch fabric
via auto-discovery messages without any other protocol
message.
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5. The apparatus of claim 1, wherein:

the switch fabric device is a first switch fabric device of the
switch fabric,

the first edge device is configured to be connected to the
first switch fabric device such that the first switch fabric
device sends to a second switch fabric device of the
switch fabric, according to at least one MPLS protocol,
an advertisement indicating the label.

6. The apparatus of claim 5, wherein:

the at least one MPLS protocol is at least one of label
distribution protocol (LDP), resource reservation proto-
col—traffic engineering (RSVP-TE) or border gateway
protocol (BGP).

7. The apparatus of claim 1, wherein:

the first edge device is configured to be operatively coupled
to the second edge device via the switch fabric such that
the edge device network has a first address domain and
the switch fabric has a second address domain different
from the first address domain,

at least one address from the first address domain being
dependent on a DHCP request and corresponding to at
least one address from the second address domain.

8. The apparatus of claim 1, wherein:

the first edge device is configured to be operatively coupled
to the second edge device such that the first edge device
communicates with the second edge device via the
MPLS tunnel through the switch fabric without internet
protocol (IP) connectivity.

9. An apparatus, comprising:

a first edge device configured to be operatively coupled to
a second edge device via a switch fabric such that the
first edge device and the second edge device collectively
define an edge device network operating with a network-
address-based protocol, the first edge device configured
to be operatively coupled to the second edge device such
that the first edge device communicates with the second
edge device via a multiprotocol label switching (MPLS)
tunnel through the switch fabric,

the first edge device configured to be operatively coupled to
the switch fabric such that anode of the switch fabric can
be administrated without administrative coordination
with the edge device network,

the first edge device configured to send a request according
to an auto-discovery protocol to a first switch fabric
device of the switch fabric operatively coupled to the
first edge device,

the first edge device configured to receive a response from
the first switch fabric device according to the auto-dis-
covery protocol and in response to the request, the first
edge device configured to send to the second edge device
a label included in the response such that the MPLS
tunnel is established between the first edge device and
the second edge device based on the label,

the response including an indication of an entropy label and
a metric value associated with a second switch fabric
device of the switch fabric or the second edge device.

10. An apparatus, comprising:

a switch fabric device configured to be included within a
switch fabric that is operatively coupled to an edge
device network operating with a network-address-based
protocol such that edge devices of the edge device net-
work communicate via a plurality of multiprotocol label
switching (MPLS) tunnels through the switch fabric, the
edge device network being administrated by an edge
administrator, the switch fabric being administrated by a
switch fabric administrator,
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the switch fabric device configured to be administrated by
the switch fabric administrator without administrative
coordination between the switch fabric administrator
and the edge administrator,

the switch fabric device configured to be operatively
coupled to the edge device network such that an edge
device of the edge device network can be administrated
by the edge administrator without administrative coor-
dination between the edge administrator and the switch
fabric administrator,

the switch fabric device configured to send a signal accord-
ing in to an auto-discovery protocol and including an
indication of an entropy label to the edge device such
that the edge device establishes an MPLS tunnel from
the plurality of tunnels using the indication of the
entropy label.

11. The apparatus of claim 10, wherein:

the edge device is a first edge device,

the MPLS tunnel from the plurality of MPLS tunnels is
established between the first edge device and a second
edge device from the edge device network.

12. The apparatus of claim 11, wherein:

the switch fabric device is configured to be coupled to the
first edge device such that the first edge device and the
second edge device communicate via auto-discovery
messages without any other protocol message.

13. The apparatus of claim 10, wherein:

the edge device is a first edge device,

the switch fabric device is a first switch fabric device, the
first switch fabric device is configured to send to a sec-
ond switch fabric device from the switch fabric, accord-
ing to at least one MPLS protocol, an advertisement
indicating a label associated with the MPLS tunnel asso-
ciated with the first edge device from the edge device
network and a second edge device from the edge device
network.

14. The apparatus of claim 10, wherein:

the switch fabric device is configured to be coupled to the
edge device network such that the edge device network
has a first address domain and the switch fabric has a
second address domain different from the first address
domain,

at least one address from the first address domain being
dependent on at least one of a dynamic host configura-
tion protocol (DHCP) request or an address resolution
protocol (ARP) request.

15. An apparatus, comprising:

a first edge device configured to be operatively coupled to
switch fabric that is coupled to a second edge device, the
first edge device configured to communicate with the
second edge device via a multiprotocol label switching
(MPLS) tunnel through the switch fabric, the edge
device network being administrated by an edge admin-
istrator, the switch fabric being administrated by a
switch fabric administrator,

the first edge device configured to be operatively coupled to
the second edge device to define an edge device network
such that an edge device of the edge device network can
be administrated by the edge administrator and indepen-
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dent of the switch fabric and a node of the switch fabric
can be administrated by the switch fabric administrator
and independent of the edge device network,

the first edge device configured to receive a response
according to an auto-discovery protocol from a switch
fabric device of the switch fabric, the first edge device
configured to send to the second edge device a label
including load balancing information and included in
the response, such that the MPLS tunnel is established
between the first edge device and the second edge device
based on the load balancing information.

16. The apparatus of claim 15, wherein:

the auto- discovery protocol is at least one of dynamic host
configuration protocol (DHCP), link layer discovery
protocol (LLDP) or address resolution protocol (ARP).

17. The apparatus of claim 15, wherein:

the first edge device is configured to be operatively coupled
to the second edge device via the switch fabric such that
the edge device network has a first address domain and
the switch fabric has a second address domain different
from the first address domain,

at least one address from the first address domain being
dependent on at least one of a dynamic host configura-
tion protocol (DHCP) request or an address resolution
protocol (ARP) request.

18. The apparatus of claim 15, wherein:

the first edge device is configured to be operatively coupled
to the second edge device such that the first edge device
communicates with the second edge device via the
MPLS tunnel through the switch fabric without internet
protocol (IP) connectivity.

19. An apparatus comprising:

a first edge device configured to be operatively coupled to
switch fabric that is coupled to a second edge device, the
first edge device configured to communicate with the
second edge device via a multiprotocol label switching
(MPLS) tunnel through the switch fabric,

the first edge device configured to be operatively coupled to
the second edge device to define an edge device network
such that an edge device of the edge device network can
be administrated independent of the switch fabric and a
node of the switch fabric can be administrated indepen-
dent of the edge device network,

the first edge device is configured to send a request accord-
ing to an auto-discovery protocol to a first switch fabric
device of the switch fabric and operatively coupled to the
first edge device,

the first edge device configured to receive a response from
the first switch device according to the auto-discovery
protocol in response to the request, the first edge device
configured to send to the second edge device a label
included in the response such that the MPLS tunnel is
established between the first edge device and the second
edge device based on the label, the response including an
indication of an entropy label and a metric value asso-
ciated with a second switch fabric device of the switch
fabric or the second edge device.
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